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Abstract: Oxygen evolution reaction (OER) suffers from four-electron transfer, sluggish kinetics and high energy
requirements, limiting the development of new energy technologies such as hydrogen production from water
electrolysis. In recent years, non-noble metal composite catalysts have attracted increasing attention due to their
advantages of excellent catalytic activity and cost compared with noble metal-based catalysts. This review summarizes
the latest progress in this field. Firstly, the OER mechanism and the evaluation methods of catalytic performance are
briefly introduced. Then the non-noble metal/nitrogen-doped carbon composites are further classified into
metal/nitrogen-doped carbon composites, metal single atom/nitrogen-doped carbon composites, alloy/nitrogen-doped
carbon composites, and metal oxide/nitrogen-doped carbon composites. The research progress of the electrocatalysts is
summarized and analyzed based on the synthesis method and catalytic activity, aiming to explore the role of
nitrogen-doped carbon materials in catalyst structure and catalyst performance. Finally, perspectives are given out for

the current problems and future directions of non-noble metal/nitrogen-doped carbon composites.
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Co-NCNTFs//NF, bare Ni foam, and RuO,>; (e) Stability tests of Co-NCNTFs//NF for OER and HER at a current density of
10 mA-cm % (f) Ilustration of the Co@NC/CC composite fabrication(*”)
Colorful figures are available on website
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Tablel OER electrocatalytic performances of non-noble metal/nitrogen-doped carbon composites

Sample Electrolyte 7'%/mv Tafel slope/(mV-dec™') Mass loading/(mg-cm™) Ref.
Co@CNT/NC-1000 1.0 mol-L™' KOH 282 82 ~12.73 [23]
Co-NCNTFs//NF 1.0 mol-L"! KOH 230 94 4.1(Nickel foam) [25]
Co@NC/CC 1.0 mol-L™' KOH 290 73 - [27]
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synthetic procedure of the SCONC catalysts™?; (c) Schematic description of the synthetic process, (d, ¢) FESEM and (f) TEM images
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Colorful figures are available on website
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Table 2 OER electrocatalytic performances of non-noble metal single atom/nitrogen-doped carbon composites

Sample Electrolyte 7'%mV  Tafel slope/(mV-dec™) Mass loading/(mg-cm™) Ref.
Fe-NC SAC 0.1 mol-L™' KOH 450 114 0.2 [28]
SCoNC 0.1 mol-L™' KOH 310 74 0.25 [32]
HCM@Ni-N 1.0 mol-L™! KOH 304 76 1.524(Carbon fiber paper) [35]
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[47]

Colorful figures are available on website
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Table3 OER electrocatalytic performances of non-noble alloy/nitrogen-doped carbon composites

Sample Electrolyte 7'%/mvV Tafel slope/(mV-dec™") Mass loading/(mg-cm™>) Ref.
NiFe@NC/RGO-240 (1):(1) Egig: Egg ggg 478(')7 0.31 [41]
FeCo@MNC 1.0 mol-L™' KOH 240 60 0.36 [42]
Ni; 5Coy s @NCNT/NF 0.1 mol-L™' KOH 243 103 ~0.56 [44]
FeNi;@NC 1.0 mol-L™' KOH 273 77 - [45]
FeNi@NC-2 1.0 mol-L'KOH 298 48.4 0.337 [46]
NizFe-GA1 1.0 mol-L'KOH 239 44.8 0.25 [47]
NiFe/N-CNT 0.1 mol-L™' KOH 290 79 0.4 [48]
Co-FeCo/N-G 1.0 mol-L™' KOH 258 34 - [49]
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Colorful figures are available on website
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Table4 OER electrocatalytic performance of non-noble metal oxide/nitrogen-doped carbon composites
Sample Electrolyte 7'%mv Tafel slope/(mV-dec!)  Mass loading/(mg-cm?) Ref.
CoO,@CN 1.0 mol-L™! KOH 260 - 2.1(Nickel foam) [58]
. 1.0 mol-L™! KOH 190 29.8
N-C0304(500 C) 0.1 mol-L-! KOH 300 36.3 ~3.467 [59]
N-CoO 1.0 mol-'L™! KOH 319 74.0 - [60]
CoO/Co@N-C 0.1 mol-L™! KOH 442 78.0 0.170 [61]
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